The case concerns a 22 kg male Abcrdeen Angus calf which could not risc following dclivcry at term. I t was noted to have pronounced superior prognathia, the eyes bulgcd from the sockcts and the forehead was domcd. The calf lay flat on its side; opisthotonus and nystagmus werc present when thc calf was movcd. Aside from thc abnormalities of thc head the remainder of the skcleton was of normal conformation in the live animal.
Gross Examination
The autopsy revealed pronounced superior prognathia. 'The teeth had not erupted completely and wcre not in a normal position in a single row. The surface of the cerebrum was flattened and was rectangular in shapc when viewed from the dorsal surface as well as from the lateral side. Coning of the cerebellum was extreme. The shape of the brain corresponded to that of the inside of the cranium. The bones of the four limbs wcre solid structures and had the consistency of wood when cut on the band saw. 'The bones did not contain marrow cavities but rather the cut surface was uniformly grey in color except for a few discrete reddish colored areas. 'The red areas were located in a wedge shape in the proximal humerus, tibia and femur, and at the edges of the vertebral bodies ( Figs. 1 tci 2) . 'The gross appearance of the bones prior t o cutting was normal as were the joint surfaces. The cartilage of the epiphyscs also had a normal appearancc. Radiographs revealed uniformly densc bones in the limbs, that is, the entire bone had the density of normal cortical bone. Radiographs of the mandible revealed an absence of a marrow cavity and uniformly dense bone. 'The roots of the teeth were not clearly shown but werc obscured by the dense bone of the mandible. ' The cheek teeth of the mandible were not in a single row but were bunched together with some teeth lying in a nearly horizontal position below the eruption surface (Figs. 3 & 4) . Comparison with a radiograph of a normal calf revealed that the mandibular teeth occupied two-thirds of the horizontal distance normally occupied by these teeth. 'The condyle and coronoid process of the mandible were reduced in height and increased in width.
The viscera of the calf wcrc normal on gross examination.
I-Iistological Examination
The visceral organs were normal on histological examination except for large numbers of megakaryocytes in the liver and spleen. 1-1 & E sections of brain revealed numerous recent hemorrhages in the brain stem and cerebellum as well as a few foci of calcification of small vessels. The parathyroid was not examined.
The histological appearance of the bones revealed pronounced abnormalities. The spicules of immature bone and calcified cartilage formed at the epiphyseal plates of the long bones and vertebrae were present throughout the length of the bones. 'The bone of the diaphysis was identical in composition to that of the metaphysis. Remodelling of the metaphyseal bone had not occurred. The medullary cavity was absent in all the long bones and mandible. Large islands of cartilage cells, some partially incorporated into immature bone, wcre present near the epiphyseal plate as well as deep in the diaphysis (Fig. 5 ).
The proximal tibia was of particular interest. 'The epiphyseal plate extended almost across the bone but was continued at one side by a band of connective tissue. The upper side of the connective tissue band was joined to cartilage while the lower side joined the spicules of bone apparently produced by the periosteum (Fig. 6 ).
The cortex of most of the long bones was narrow, but was formed by periosteum in all cases. The dark wedges in the humerus, femur, tibia and vertebrae were also composed of periosteal bone. In these locations the periosteal bone and endochondral bone met on a straight line ( Fig. 7 ).
In the vertebral bodies, periosteal bone formed a wedge in the endochondral bone and small islands of hyaline cartilage were situated near the tip of the wedge (Fig. 8 ). The bone in the epiphyses OF the vertebrae and long bones formed by the breakdown of a cartilage model ( Fig. 9 ). The bone in the condyle of the mandible appeared to be forming in a similar manner to that of the epiphyses. The normal structural components of the teeth werc present, but a distinct periodontal membrane was absent.
The bone formed at the sutures of the frontal, parietal and occipital bones appeared to be normal periosteal type bone. The basilar part of the occipital bone was composed of the same type of bone as the long bones, that is cartilaginous replacement. The base of the skull was not sectioned.
Hemopoietic cells were present in the spaces between spicules of bone, but not in great numbers; they were much more numerous in the areas of periosteal bone in the long bones. Cells having the appearance of osteoclasts were present, but appeared inactive ( Fig. 10 ) and, in fact, osteoclastic resorption of Fix. 1. Section of vertebrae and bones from front and hind limbs split down the middle. All bones are solid and lack a marrow cavity. Note normal external shape and the wedges of darker bone in the vertebrae, tibia, femur and humerus. Thc section of vertcbrae is upside down in this picture as is the femur. bone was not observed. Remodelling was not evident in periosteal bone or in the endochondral bone. The lamellae of periosteal bone usually remained well separated from each other; however, in the cortex of the long bones considerable compaction had occurred.
In the endochondral bone the centres of the spicules were composed of cartilage, some of which was calcified. Layers of amorphous acidophilic matrix were deposited on the cartilage spicules in an irregular manner. The space between spicules of this very immature bone was gradually reduced as the matrix was added. Much of the remaining space was occupied by bands of collagen fibres and looser connective tiss,.ie. Cells within thc matrix were irregular in distribution, rather sparse in numbers and large in size. Many lacunae were empty and numerous resting lines were present. The replacement of the cartilage model in the epiphyses of the long bones and vertebrae and in the condyle of the mandible resulted in the same type of matrix and cells on spicules of cartilage.
Discussion
A search of the literature did not reveal any other reports concerning a bone anomaly in domestic animals similar to the case described above. There are, however, descriptions of somewhat similar anomalies in laboratory animals, and some species of birds and mammals have solid or nearly solid bones normally. G R u N E B E R C 7 has reviewed the literature on inherited defects in bone resorption in laboratory animals. Four such conditions have been described and will he reviewed briefly.
The grey-lethal mouse (gl) was described as a recessive condition in which affccted animals died before sexual maturity. Starvation was the cause of death because the teeth failed to erupt and the mice were able to live only on a flilid diet. The bone defect was a failure in remodelling of the endochondral bone produced at the epiphyses, resulting in bones which were completely filled with immature bone, thus having no marrow cavity. The failure of bone resorption also resulted in moderate deformities of the bones. Periosteal bone was present but reduced in quantity. The teeth failed to erupt because the overlying bone was not resorbed. 
F3. 6.
Example of thc metaphyseal bone and epiphyseal plate of the long bones. Large islands of cartilage cells, some of which are hypertrophicd, persist into the mctaphysis. Dark strcalts of calcified cartilage and osteoid dcposition arc present between the areas of cartilage. Celldar marrow is very sparse. All of the long bones had this structure. Proximal tibia (see Fig. 1 ). The dark area in the tibia in Fig. 1 is thc periosteal bone on the right of Fig. 6 . The bone striicture on the left of Fig. 6 is unremodelled epiphyseal bone. Above the periosteal bone (on the right) there is a band of collagenous connective tissue persisting between the cartilage of the epiphysis and the bone below.
'The defective bone could be resorbed by large doses of parathormone or by transfer of a section of the bone to a normal animal.
The second condition also affected mice and was associated with microphthalmus (mi). The bone was affected in a manner very similar to the grey-lethal mouse except that some of the teeth did erupt. The eyes of the affected mice had coloboma of the retina and were greatly reduced in size. The homozygous mi mice had greatly reduced pigmentation of their hair coats to the point of albinism, while the homozygous gl mice had normal pigmentation.
The third condition was called osteopetrosis and affected rabbits. The bone defect strongly resembled the solid bones of the gl and mi mice and the teeth were partially erupted. Death occurred at about five weeks in homozygous individuals. A few animals began to resorb bone before death but this space was filled with fibrous tissue and not marrow. Death was considered to be due to anemia. Widespread calcium deposition occurred in many areas of the body.
The fourth condition called incisorless animals (ia) affected rats and was compatible with life. The bones of the rats were similar to those of the mice and rabbits up to the second month of life when resorption began and proceeded until the bones were normal. Affected rats responded to parathormone treatment. All four defects were thought to be basic endocrine anomalies. Parathyroid hormone in large quantities would resorb the abnormal bone, and parathyroid hormone has been shown to be present in these animals. The defect seemed to be not in lack of sensitivity to the hormone, but rather to a rapid destruction or inactivation of the hormone.
ENLOW and BROWN^ stated that the type of bone in an animal does not suggest its place on the evolutionary ladder. Compact and cancellous bone tissues were present in the earliest and most primitive vertebrates yet discovered. These tissues had lacunae, canaliculi, lamellae and vascular canals. "It cannot be maintained that the Haversian tissue is the evolutionary culmination of all bone development or that the ontogeny of mammalian bone tissue recapitulates the phylogeny of the bone of lower vertebrate groups."
The illustrations of F O O T E~ depicted several turtle species with normal solid femurs as well as two birds, the white pelican and the yellow hammer. FOOTE also reported that the pigeon had a solid femur.
R O M E R~ described the manatee as having very compact bone as a characteristic feature and that this feature had been found in other aquatic vertebrates such as the extinct mesosaurs.
FAWCETT4 described the histology of the rib and humerus of the manatee. In the humerus a marrow cavity was not present but a dense collar of periosteal bone was present as cortical bone. This dense bone was thickest in the mid shaft and narrowed toward the metaphases. The centre of the bone was filled with trabcculae of endochondral bone from thc epiphyseal line, and bonc marrow was sparse or absent. The trabeculae near the epiphysis consisted alrxost entirely of calcified cartilage. Further from the epiphysis, bone was laid on the calcified cartilage, but no remodelling or removal of the trabeculae occurred. The rib was composed of compact periosteal bone. Havcrsian systems were present in the dense periostcal bone of thc ribs and humerus. FAWCETT considered that histogenesis of bone in the manatee was similar to other mammals; howcver, the ratc of resorption and reorganization was much slowcr.
~I E I S T E R * described the histology of the long boncs of penguins. The bones were massive, compact structures with a w r y small central cavity surrounded by very c!ense cortical bone. In young penguins the outer periosteal bone surrounded a central core of hyaline cartilage. The core of cartilagc was gradually replaccd by bone, and air was not present in the bones. MEISTLR mentioned that thc snapping turtle had a femur which was nearly solid bone.
URIST et a1.'" have reported that failure of endochondral resorption and filling of the marrow cavity with immature bone can bc induced in young rats by estrogen. The excess bone induced in the bones of some birds by estrogen had a low collagen and high matrix content, so that the bone was actually hypercalcified (ASCPNZI~). Such bone in birds servcd as a storehouse for calcium and mas not for additional mechanical support.
Osteopetrosis was described as an inherited generalized sclerosis of bone in humans by WEINMANN and S I C I I E R~~. The ends of the long bones were clubbed and the long bones were very fragilc. The disease was considered to bc a failure of resorption and bone remodelling. 'Ihe centres of the bones were fillcd with trabeculac of calcified cartilage and immature bone. The dcnse bone resulted in impaired nutrition and foci of necrotic bone. Osteophytes were often present on periosteal surfaccs.
The findings in the case described in this report when compared to the literature cited above, still leave unanswered questions. The main one is why are the external contours of the bonc normal when internal remodelling seems to have been absent? Arc therc differcnt mcchanisms involved in remodelling of the internal and external structure of bones?
Several of the features in the bonc anomalies described by GRUNEBPRG~ were found in the calf which is the subject of this report. Failurc of internal remodelling occurred in the rnicc, rats and rabbits to varying degrees as it did in the calf. Failure of, or partial eruption of, teeth occurred in the rnicc and rabbits Fig. 9 . Epiphysis of vertcbral body. Cartilage above which extends to the intervertebral disc and an island of bone production below. Epiphyseal plate is below, out of the photograph. Note the persistence of cartilage as in the long bones. Fig. 10 . Osteoclasts in an area of inctaphyscal bone. Notc the inactive appearance and the position between trabcculae. Osteoclasts had this inactive appearance regardless of location in the metaphyseal bone.
as in the calf. The problem in eruption may well have been due to the same causes in the calf as in the mice and rabbits. The mice had abnormally shaped long bones, especially the epiphyses whereas the calf had normally shaped long bones. Thus, in the calf the cartilage models of bone were probably formed normally and remodelling at the periosteal surfaces of the long bones also must have been near normal. Why remodelling should differ between the internal and the external structure of the bone is unknown. 'The argument could be put forward that the muscular and tendonous attachments to the bones were, at least in part, responsible for the external remodelling. This may be partially true but it has been known for some time that cartilaginous bone of embryos will remodel externally when cultured in vitro for short periods whereas the internal structure is composed mainly of hypertrophied cartilage which is not replaced by a marrow cavity FELL^). The observations of FELL^ may not have direct application in a discussion of the calf bones but do point out the apparent differences in internal and external remodelling.
The presence of osteoclasts is generally regarded as an indication of bone resorption. The lack of activity of osteoclasts in the bones of the calf were taken as an indication of reduction or absence of internal bone resorption. This may not be entirely acceptable since it has been shown that bone can be resorbed by other means than by osteoclasts (BELANGER et a1.2).
The intramembranous bones of the skull had the same histological appearance as the periosteal bone of the long bones. Internal reorganization was not evident at these sites. The abnormal shape of the skull and of the mandible would indicate some defect in the external remodelling of these bones. That the major problem is in the hones formed from cartilage models is exemplified by the occipital hone. The basilar part of the occipital bone is normally formed from a cartilage model whereas the squamous part is formed from intramembranous bone. The basilar part of the occipital bone in the calf was of the same histological structure as the bone of the long bones. 'The reason for the wedges of periosteal bone in the tibia humerus and femur is unknown but could reflect participation of periosteal bone in these areas normally. The area of collagen between the bone and cartilage in the tibia (Fig. 6 ) is also unexplained.
The parathyroid activity of the calf was not evaluated. However the close similarity between the gross and microscopic appearance of the bone in the calf and that in the mice, rats and rabbits described by GRUNEBERG7 would indicate that a similar mechanism may be in operation in all four species.
The reports of normal solid bones in some species and especially the work of ENLOW and BROWN^ indicate that atavism is not likely a factor in the present case, but rather that variation in remodelling of bone certainly does occur among species.
The possibility of the bone changes in the calf being produced by estrogen is unlikely because such changes have not been described in cattle on prolonged high levels of estrogen and besides abortion would have probably occurred had the dam been on high levels of estrogen. The features of large areas of necrosis, abnormally shaped bones and osteophytes which characterize ostepetrosis of humans were not present in the calf, although the internal trabecular bone structure did have features somewhat in common.
SunLrnUgJ
A case report of an anomaly of bone in a newborn calf is presented. The calf had solid hones, devoid of marrow cavities, in the limbs. The solid tissue was mainly unrcmodellcd endochondral hone with some periosteal hone also present. The defect appeared to he a failure in the ability to resorb hone. It resembled, grossly and microscopically, similar conditions which occur as genetic defects in mice, rats and rabbits.
Zixsummen fussmg
Es wird uber eine I<nochenanomalie hei eincm neugehorenen Kalh herichtet. Das 'Tier hatte feste I<nochen ohnc Markhiihle in den Gliedmassen. Ilas feste Gewebe war hauptsachlich ungeformter endochondralcr Icnochen und enthielt auch ctwas periosteales Knochengewehe. Dcr Defekt schien in der Unfahigkeit der Knochcnresorption zu hestehen und glich makroslcopisch sowie milcroskopisch Fillen, die als genetische Defelcte bei hlausen, Ratten und Kaninchen auftretcn.
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